We describe a model of spectral energy distribution in supercritical accretion disks (SCAD) based on the conception by Shakura and Sunyaev. We apply this model to five ultra-luminous X-ray sources (ULXs). In this approach, the disk becomes thick at distances to the center less than the spherization radius, and the temperature dependence is T ∝ r −1/2 . In this region the disk luminosity is L bol ∼ L Edd ln(Ṁ /Ṁ Edd ), and strong wind arises forming a wind funnel above the disk. Outside the spherization radius, the disk is thin and its total luminosity is Eddington, L Edd . The thin disk heats the wind from below. From the inner side of the funnel the wind is heated by the supercritical disk. In this paper we do not consider
INTRODUCTION
Ultra-luminous X-ray sources (ULXs) are Xray sources with luminosities exceeding the Eddington limit for a typical stellar-mass black hole [1] ; their luminosities are 10 39 -10 41 erg s −1 .
The most popular models for ULXs involve ei- IMBHs originating from low-metallicity Population III stars [2] can form binary systems due to tidal captures of single stars. However, the expected frequencies of such IMBHs are not high and do not agree with the observed ULX frequencies [3] . Most of the ULXs are associated with star formation regions [4] and young star clusters [5] . They are not distributed throughout the galaxy as would be expected for IMBHs originating from low-metallicity Population III stars.
IMBHs may be produced in the process of runaway merging in the cores of young stellar clusters [6] ; in this case they would stay within the clusters. Poutanen et al. [5] have found that the majority of the brightest X-ray sources in the Antennae galaxies are located close to very young stellar clusters, but not within them. They concluded that the sources have been ejected in the process of star cluster formation due to dynamical few-body encounters and that the ULXs are massive X-ray binaries with the progenitor masses larger than ∼ 50 M ⊙ .
The model where the ULXs are supercritical accretion disks (SCADs) requires geometrical collimation of radiation into the observer's line of sight [7, 8] ; this model explains the objects up to possibly 10 41 erg s −1 . It was suggested the ULXs are face-on copies of SS 433, the only known supercritical microquasar in the Galaxy [9] . The binary SS 433 contains a stellar-mass black hole accreting in a supercritical regime at ∼ 300-500
Eddington mass accretion rates. In this system the wind forms a wide funnel along the disk axis, which collimates the disk radiation. In our recent optical spectroscopy of ULX counterparts [10] , we have discovered that their optical spectra are very similar to that of SS 433.
If the ULXs are SCADs with stellar-mass black holes, one may expect to detect discrete lines or edges in their spectra because of the massive outflows in the supercritical regime. The Xray spectra of ULXs do not show any emission or absorption features; the best quality data [e.g., 11] yield an upper limit on the equivalent widths of a few tens of eV. A common property of the ULX spectra is a high-energy curvature [12] [13] [14] with a downturn observed between ∼ 4 and ∼ 7 keV. The curvature suggests that the ULX accretion disks are not standard. The inner parts of the disks may be covered with an outflow or with a relatively cool and optically thick corona [12, 13] , which Comptonize the inner disk photons.
The ULXs are frequently surrounded by nebulae [15, 16] ; the nebula shapes are similar to those powered by jets or weakly collimated winds. In some ULXs, radial velocity perturbations in the associated nebulae were detected [17] .
Strong radiative beaming is not necessary for the ionization of the ULX nebulae. Intermediate geometrical beaming (B ∼ 3-5) is enough to produce both the observed luminosities and the observed ionized nebula shapes. Besides that, not only X-rays may ionize the nebulae. In the optical study of MF 16, the nebula surrounding NGC 6946 ULX-1, Abolmasov et al. [18] have found that UV and far UV radiation is able to produce the MF 16 spectrum; they suggested that the ULX systems may also be ultraluminous in UV. It has been found that at least some of the ULXs are indeed very bright UV sources [19, 20] . However, both the IMBHs and SCADs are expected to be bright UV sources.
Several distinctive properties of ULXs may be explained in these two competitive models. In spite of much effort in the ULX studies, the main questions still remain open what are the black hole masses in ULXs, do they have standard ac-cretion disks, do they constitute a homogeneous class of objects.
One may suggest that the common properties of ULXs are: a hot disk wind which Comptonizes the inner disk radiation, making a Compton tail in the X-ray spectra, and a very luminous UV/optical source. The ULX optical counterparts show hot blue spectra; the absolute magnitudes of the nearest and well-studied ULX starlike counterparts (not clusters) in the HST images are M V ≈ −6 ± 1 mag [21] .
Both the high UV/optical luminosities and the Compton tails may be reconciled with a selfirradiating accretion disk. Such a model has been suggested by [22, 23] , it was originally developed for LMXBs. If the disk is flat, as is the case in the standard disk model, one finds the temperature dependence T (r) ∝ r −3/4 , the same as in the disks without self-heating. The authors suggested that the disk, for some reason, is warped.
In this case, one may expect a flatter dependence, T (r) ∝ r −1/2 , providing strong UV and optical fluxes from the outer parts of the disk. This DISKIR model has been successfully applied in several ULXs [20, 24, 25] .
The SCADs may potentially explain both the high UV/optical luminosities and the power-law Compton tails in ULXs. The disk wind photosphere may be a luminous source with a hot black body-like spectrum [8, 9] . Deep inside the supercritical disk funnel, where the jet is formed and collimated, hot winds make favorable conditions for the Comptonization of the surrounding photons radiated by the funnel walls. The hard radiation is expected to be mildly collimated by the funnel. The outer walls of the funnel constitute the SCAD's wind photosphere. The jets may power and shape the nebulae associated with the ULXs as it is in SS 433.
The supercritical accretion regime was first described by Shakura and Sunyaev (1973) [26] .
They introduced a "spherization radius" in the disk, R sp , below which the disk becomes supercritical. The supercritical disk is thick with a strong mass loss. In the supercritical region, wind inevitably appears; its velocity is close to virial, as in stellar winds. At highly supercritical accretion rates (Ṁ 0 >>Ṁ Edd ), the extended wind photosphere (R ph >> R sp ) conceals the wind formation region, as is observed in SS 433.
The recent 2D RHD simulations [e.g., 27 , 28], which take into account both the heat advection and photon trapping, confirm the main ideas of the Shakura-Sunyaev SCAD model. Poutanen et al. [8] have considered ULXs within the framework of the Shakura-Sunyaev approach; they confirmed that the main features of the ULX spectra may be formed in the extended photospheres.
In this study, we simulate the spectral energy distributions (SEDs) of SCADs based on the Shakura-Sunyaev approach. We find that this model is similar in the main features to the DISKIR model [22, 23] , however, the models differ in many details. In our model, the inner parts of the supercritical disk (R < R sp ) heat the outer wind, whereas in the Gierlinski et al. model the inner regions of the accretion disk heat the outer parts of the disk. In this paper, we have not yet included the Comptonization in the model, and consider the model to be valid up to 1.5 keV.
We plan to introduce the Comptonization in the next paper.
It is important to have UV data points as close to the X-ray range as possible, because the spectral shape in this region may be critical for distinguishing between the models. Photometric data in < 2000Å, bands are available only for two ULX counterparts. It is also important to have simultaneous data. When the variability of the ULX counterparts is not very high in the optical range (about 10-20%, [21] ), the Xray variability may reach a factor of a few. We have found only two ULX counterparts with simultaneous X-ray optical data. Below we describe the observations and the SED model, and compare the observed and model SEDs.
OBSERVATIONS AND DATA

REDUCTION
The catalog of ultra-luminous X-ray sources of Swartz et al. 2004 [29] provides data for more than 150 objects, however, less than 50 objects are identified with optical sources [30] .
There are considerably less thoroughly studied point sources for which the spectral energy distributions are known in a wide range of wavelengths ( [21] ). We have selected five ULXs that have reliable optical identifications with point sources: Holmberg II X-1 [31] , NGC 6946 ULX-1 [19] , NGC 1313 X-1 [32] , NGC 1313 X-2 [33] and NGC 5408 X-1 [34] . They are bright objects located in nearby galaxies (up to 5 Mpc) that have various spectral indices in the UV-optical range. Table 1 lists the basic information on the studied ultra-luminous X-ray sources, including the distances to the host galaxies, the adopted values of interstellar extinction, the X-ray luminosities of the objects and the spectral indices in the UV-optical range.
Optical data
We use the HST archive data. The observations were carried out with the Advanced Camera for Surveys (ACS), the Wide Field and Planetary Camera 2 (WFPC2) and the Wide Field Camera 3 (WFC3) (the last one was used only for the observations of NGC 5408 X-1).
For the objects NGC 1313 X-1, NGC 1313 X-2 and NGC 5408 X-1 we used the photometric results from [21, 24, 32] . We selected quasisimultaneous observations with a maximum set of filters.
For [24] sults of the photometry in filters F225W, F336W, The so-called CTE effect may influence the results of the measurements considerably, due to the fact that when reading the CCD, the efficiency of the charge packet transfer from pixel to pixel is not equal to 100%. When calculating the CTE corrections, we used the internet resource CTE Tool #1 1 , as well as the algorithm described in section 5.1.5 of the ACS Data Handbook [44] . We have applied the CTE corrections, its value does not exceed 0. m 11.
The flux within a given filter was corrected for interstellar extinction with the assumption that the spectra of the objects are described by the power law F λ ∝ λ −3 . This procedure was performed using the calcphot command in the synphot program package.
The interstellar extinction for the objects NGC 6946 ULX-1 and Holmberg II X-1 was estimated based on the Hα/Hβ flux ratio in the nebulae. For the photoionized plasma in widely varying conditions (at temperatures of 5000 ÷ 20 000 K and electron densities of 10 2 ÷ 10 6 cm −3 ), Hα/Hβ is equal to 2.86 with an accuracy of about 5% [45] . In the case of collisional excitation this ratio may reach the value of 3.2, and then the Hγ/Hβ ratio may be used for more reliable extinction estimates.
We used the optical spectrum of the nebula surrounding Holmberg II X-1 (taken on February 28, 2011) from the SMOKA archive [46] . Therefore, the shocks contribution is fairly small.
In our estimates of A V we used the extinction curve of Cardelli et al. [47] with R V = 3. Table 2 . Obtained α are given in the Table 1 . We used the 68% confidence interval in all of these estimates.
X-ray data
In this study we focus on the ULX spectra in the UV and optical ranges. Here, we take into account the X-ray data for illustrative purposes only. We therefore find it appropriate to use published results of the X-ray fits with simple models. We selected the published models that best match the observed spectra. All of these spectra have a sufficiently large total exposure time (> 10 ks).
The Compton scattering plays an important role in the formation of the ULX X-ray spectra at energies greater than ∼ 1 keV (e.g., [13] ). We will model the X-ray data with the Compton scattering in our next paper. Since we do not consider
Comptonization here, we cut off the X-ray spectra above 1.5 keV. spectra of this source from [50] . For the two objects in the NGC 1313 galaxy we used the data from [35] . In the case of NGC 1313 X-1, we took the parameters of the models describing for extraction. The background was determined in the ring around the object. The spectrum was grouped in such a way that every bin contained at least 100 counts.
THE MODEL
Shakura-Sunyaev supercritical disk
The well-known paper of Shakura and Sunyaev [26] introduces the accretion disk model (α-disk). The same paper considers the case of supercritical accretion, which occurs when the rate of matter inflow into the disk iṡ
where L Edd ≃ 1. 
Within R sp , the disk is locally Eddington [26] :
the force of gravity is balanced by the radiation pressure at its every point. As a result, the disk becomes geometrically thick (H/R ∼ 1). Hereafter, for certainty, we assume the half-opening angle of the funnel of the accretion disk θ f to be equal to 45 • , which corresponds to H/R = 1.
Because of the radiation pressure, the accreting matter begins to outflow from the surface of the supercritical disk in the form of wind, which leads to a gradual decrease of the accretion rate with radius [26] :Ṁ
In turn, this leads to a decrease in the amount of the released gravitational energy, and the resulting disk luminosity becomes constrained by the
is the dimensionless initial accretion rate, and , 52] . In this paper we adopt a = 1 .
L Edd , is released in the standard disk above R sp , L Edd lnṁ 0 is released in the supercritical disk.
In the case of SS 433, the relation (4) leads to the luminosity L tot ∼ 10 40 erg s −1 , which corresponds to the measurements in [53, 54] and coincides with the independent estimate from [55] .
The maximum of this luminosity lies in the ultraviolet part of the spectrum. In the X-ray range, where the main contribution to the observed flux is given by the emission of the cooling relativistic jets, SS 433 is a relatively weak object
The orientation of SS 433 is such that we observe it close to the orbital plane and thus do not see the deep parts of the wind funnel of the supercritical disk. Initially, all of the energy release of SS 433 originates in the accretion disk in the form of hard radiation, which then thermalized in the powerful wind of the supercritical disk [9] . For an observer who sees the funnel of the supercritical disk, SS 433 would have an X-ray luminosity of at least 10 40 erg s −1 . Ultra-luminous X-ray sources also demonstrate similar luminosities in the X-ray range [1, 29] .
A further increase in the brightness of the supercritical disk for the observer that can see the funnel is probably due to the geometrical collimation of radiation. In the simplest case, the radiation collimation factor is determined by the relation B = 2π/Ω f , where Ω f is the solid opening angle of the supercritical-disk funnel [7] . For
In their paper [26] , Shakura and Sunyaev have pointed out the key role of the optically thick wind outflowing from the surface of the supercritical disk in the formation of UV and optical spectra. This idea was developed further by many authors (e.g., [8] ).
We believe that the outflowing wind forms a funnel that has an approximately conical shape.
Hereafter, we will call it "funnel" or "wind funnel".
The existence of a funnel is due to the presence of an angular momentum both in the accreting and outflowing gas, which results in the formation of a region with a low density of matter near the symmetry axis of the system. The presence of a funnel both in the supercritical disk and in the wind outflowing from it is confirmed by direct 2D
RHD simulations [27, 28] .
The opening angle of the wind funnel is determined by the ratio of the Keplerian rotation velocity of the disk matter at a given radius to its outflow velocity, which is determined by the radiation pressure. The velocity of matter outflow from the surface of the supercritical disk should be close to virial [8, 26] ; in this case we can expect a wide funnel with the half-opening angle The exact calculation of R ph is a rather difficult task; therefore, within the context of this paper,
we consider it a model parameter.
The typical sizes for a Schwarzschild black hole with a mass of 10 M ⊙ and accretion rateṁ 0 = 300 are:
is the gravitational radius), R sp ∼ 3 × 10 9 cm (formula (2)).
The radius of the photosphere may be roughly estimated from
is the mass loss rate, V w is the velocity of the wind at the level of the photosphere, which we assume to be 1000 km s −1 .
Supercritical disk model (SCAD) and DISKIR model of Gierlinski et al.
A supercritical disk can be observed as a luminous X-ray source only if the angle between the line of sight and the axis of the disk is not greater than the funnel opening angle θ f . In this case, an observer would see both the supercritical-disk radiation and the radiation of the wind funnel.
In such an orientation, the central regions of the standard disk (R R sp ), where the energy release is maximal, may be hidden from the observer by the wind. We therefore assume that We assume that the radiation of the accretion disk and funnel is black-body-like. As was shown by Poutanen et al. [8] , in a supercritical disk, the behavior of effective temperature with radius is determined by the relation
where r = R/R in . Such a temperature dependence leads to a power law spectrum F ν ∝ ν −1 .
The temperature at the inner radius of the disk T in can be determined from the disk lumi-
Hereinafter, by R ′ = R/ sin θ f we understand the distances measured along the disk and wind funnel surface; r ′ = R ′ /R in = r/ sin θ f . The luminosity of the supercritical disk (R ≤ R sp ), the mass of the black hole, and the initial accretion rate are bound by the relation L bol = aL Edd lnṁ 0 , a=1 (4). Using (7) we find the temperature
A noticeable portion of the supercritical-disk 
The SCAD model parameters
In our model we assume that the relation T ∝r Similar to [23] , we determine the re-emitted flux by the following equation:
where f out is the fraction of the bolometric flux reprocessed in the wind at the radius R ′ , and L tot is the bolometric luminosity (4). The resulting spectrum of the wind funnel, as well as the spectrum of the supercritical disk, will be power law,
The parameter f out is a combination of many geometrical and physical characteristics of the wind, such as the fraction of the accretion-disk radiation absorbed by the wind, the albedo, and the absorbed-radiation thermalization efficiency.
The supercritical disk with luminosity L Edd lnṁ 0 heats the wind from the side of the funnel, and the standard disk at R > R sp with luminosity L Edd heats the same wind from below.
As a result, the total flux of the supercritical disk with a wind funnel will be described by this paper, we assume them to be equal, θ f = 45 • . We set the seventh parameter a (4) equal to one, assuming within this paper that advection is absent in the accretion disk (see section 5). Therefore, on the whole, the radiation spectrum shifts to the domain of higher fluxes.
An increase in the accretion rate at constant black hole mass leads to the same change in the geometric size of the supercritical disk and a decrease in the gas and radiation temperature in its outer regions. For the temperature at the spherization radius, the following relation is valid:
0 . The temperature decrease in the outer parts of the disk is due to the increase of the radiating area (R sp 2 ∝ṁ 2 0 ). As a result, the flat part of the X-ray spectrum extends to the long-wavelength region (Fig. 3a) .
The dependence of the spectra on f out and R ′ ph at constant values of M BH andṁ 0 is shown in Fig. 3b (Fig. 3b) .
The radius of the photosphere determines the outer boundary of the blackbody emitting wind.
The increase of the wind-funnel size at a constant irradiating flux leads to the decrease in the intensity and temperature of the wind radiation.
Thus, the increase of the photospheric radius of the wind funnel extends the flat part of the UV spectrum into the optical range.
RESULTS
We have fitted the ULX SEDs with the SCAD model. As X-ray data, we used the published models (including absorption models) that best describe the observed spectra (section 2.2).
Based on the parameters of these models, we have constructed the absorbed spectra. We used models instead of the observed spectra because the data approximation was carried out without
XSPEC.
When approximating the absorbed X-ray spectra with our model, we determined the new value of N H . We used the extinction model from [57] . In the optical range we used the extinction-corrected fluxes. Unlike in the X-ray range, the optical interstellar extinction is usually well-known from the spectroscopy of the neb-ulae surrounding the objects.
Using the relation
we have compared the extinctions in the optical and X-ray ranges (Tables 1 and 3) . In all cases, the value of A V obtained from the optical data is smaller than the A V obtained from the X-ray spectra. The difference (A V ) X−ray − (A V ) opt is ∼ 0. m 2 ÷ 0. m 8, the average value is ∼ 0. m 5. Table 3 shows the results of spectral energy distribution simulations for all of the five objects. (Fig. 4a,b) . The deviations do not exceed 10-15%. A distinctive feature of NGC 1313 X-1 is the very luminous (compared to the optical fluxes) X-ray spectrum, which is unusual for our sample. The value of f out for this object is more than one order of magnitude less than the average value in other objects.
Holmberg II X-1 . The model describes the energy distribution of Holmberg II X-1 fairly well (Fig. 5a ). The only outlier is the flux in filter F336W (λ pivot = 3359Å) that approximately corresponds to filter U, which may be due to a
Balmer jump or object variability. Note that non-simultaneous optical observations were used in the approximation of this ULX.
NGC 6946 ULX-1 . NGC 6946 ULX-1 (Fig. 4c) demonstrates a very low X-ray flux Table 3 . Model parameters of ULXs. (NH ) lit column density taken from literature, NH column density obtained from our fit to the X-ray spectra; kTin inner disk temperature; MBH black hole mass;ṁ0 initial normalized accretion rate; fout fraction of the bolometric flux reprocessed in the wind funnel; R ′ ph radius of the photosphere (both in the soft and hard ranges) compared to the UV and optical fluxes, which distinguishes this object from the other ULXs in our sample.
To reconcile the model with the X-ray data, we excluded the areas with R ≤ 5R in . We suggest that this object might be visible at an angle slightly larger than the opening angle of the wind funnel θ f . In this case, the innermost parts of the supercritical-disk funnel may be hidden from the observer by the outer parts of the wind.
NGC 5408 X-1 . For NGC 5408 X-1 (Fig. 4d ),
we were unable to achieve a good agreement between the model and the X-ray data at energies higher than ∼ 0.8 keV (∼ 16Å), where the sim- Fig. 5a , this X-ray spectrum is shown as the best model from [49] , and Fig. 5b shows the spectrum processed by us (section 2.2). When using DISKIR, The grey dashed curve shows the spectrum formed in the supercritical accretion disk, the grey dash-dotted curve shows the spectrum formed in the wind funnel, and the grey solid curve is the integral spectrum. The black crosses (and grey dots in the cases of NGC 1313 X-1 and NGC 1313 X-2) represent the absorbed X-ray spectra, and the black curve shows our model approximation of the X-ray spectrum. The lower panels show the relative deviations of the observed energy distributions from the simulated ones.
the extinction in the X-ray region was reconstructed using the WABS model, and in the optical range, we approximated the extinctioncorrected fluxes.
Following [20, 23] , we fixed the parameters of electron temperature, kT e = 100 keV, inner- Nevertheless, the models predict vastly different temperatures at the inner disk radius.
For Holmberg II X-1, the SCAD model gives kT in ≃ 0.8 keV, whereas DISKIR yields an estimate of kT in ≃ 0.1 keV. In turn, the low temperature at the inner radius leads to a black hole mass increase. Using normalization in the DISKIR model and a mean cosine of the angle between the disk and the line of sight < cos θ >= 0.5, we derive R in ∼ 10 9 cm, and the corresponding mass
The SCAD model gives
DISCUSSION
A comparison of our model and DISKIR in the case of Holmberg II X-1 (Fig. 5) shows that both models well describe the observed optical to soft X-ray spectrum. The DISKIR model has already been applied to Holmberg II X-1 in the study [21] . Despite the fact that different observational data was used by these authors and us (Fig. 5b) , the parameters of the best SED model in both cases turned out approximately the same.
In particular, for Holmberg II X-1, [21] derived the masses 400 and 600 M ⊙ from the obtained inner-radius temperature kT in = 0.09-0.24 keV.
For the other ULXs to which the DISKIR model has been applied, NGC 6946 ULX-1 [25] and NGC 5408 X-1 [24] , the authors obtained similar kT in temperatures, 0.12 and 0.13 keV, respectively. Obviously, all of these temperatures correspond to the IMBH mass range; the [23] model gives large black hole masses for the ULXs. In Figure 5 , the differences between the SCAD and DISKIR models are not very conspicuous, both the best models appear the same. This is due to the fact that the other parameters of the models, such as N H and disk luminosity, when combined in a certain way, can smooth out the differences between the models.
Nevertheless, the absence of a flat spectrum in the DISKIR model and the presence of such in SCAD are essential. High signal-to-noise spectra may probably be used to differentiate between the two models.
In this paper we assumed some of the model parameters to be constant, e.g., the opening angle of the supercritical-disk funnel θ f and the opening angle of the wind funnel, which is formed by the wind of the supercritical disk, were set equal to 45 • . Within the framework of our simple approach, a change in the opening angle of the funnel will change the observed luminosity, and therefore, as a result, will somewhat redetermine the black hole mass,
This equally applies to the parameter a (4), which we set equal to one, as would be the case in the absence of any advection in the accretion disk [26] . tion, which we plan to do in the next paper, we will be able to approximate the ULX spectra in the entire standard X-ray range.
In this paper we assumed that the UV and ). Therefore, the scenario of the formation of optical and UV spectra on the irradiated donor surface must be excluded.
CONCLUSIONS
In this paper we have described a model of energy distribution in supercritical accretions disks, which is based on the Shakura-Sunyaev (1973) supercritical disk conception. We applied this model to ultra-luminous X-ray sources. In this model, the disk becomes thick at distances from the center less than the disk spherization radius, H/R ∼ 1; the temperature depends on radius as T ∝ r −1/2 . Here, the disk luminosity is L bol ≃ L Edd lnṁ 0 , and also, in this region, the powerful wind that forms a funnel above the disk emerges. At distances greater than the spherization radius, the disk is thin; its total luminosity is equal to the Eddington luminosity L Edd .
We believe that for an observer that can see the entire funnel of the supercritical disk (who is situated close to the accretion-disk axis, < θ f ), the thin accretion disk at the radii r r sp is invisible, as it is hidden by the extended wind of the supercritical disk. The thin disk irradiates this wind from below. From the side of funnel, the wind is irradiated by the supercritical disk.
In this paper we adopt the following dependence of the irradiated wind temperature on distance:
T ∝ r −1/2 ; this dependence may be due to both the curvature of the wind, and the presence of gas in the funnel, in which jets possibly spread. Both these effects cause an increase in the efficiency of irradiation of the wind funnel walls.
In this paper we do not consider the Comptonization of the radiation emerging from the central regions of the supercritical disk funnel.
Accounting for Comptonization is absolutely necessary in this model, but we restrict this study to the analysis of the spectra from ∼ 1.5 keV to the lower energies. By analogy with SS 433, we assume that there should exist a hot wind in the inner parts of the funnel; this is the gas of the forming jets (and also the gas that contributes to the formation of the jets, but does not become part of them). This wind covers the inner parts of the supercritical disk and Comptonizes the radiation from these parts.
The described supercritical disk model is technically similar to the DISKIR model [23] , which was initially developed for LMXBs, but has already been used for the analysis of ULX SEDs. The models differ in disk type (standard supercritical) and in the fact that in one model, the disk is irradiated at the distances r > r irr , and in the other, the wind is irradiated at r > r sp .
We believe that distinguishing between the models is possible in the soft X-ray range (∼ 0.3 − 1 keV), since the SCAD model has a flat region in the spectrum, whereas DISKIR cannot have flat regions anywhere, as it is based on the standard α-disk. Since the differences between the models can be masked by varying the parameters (e.g., N H ), obtaining X-ray spectra with high signalto-noise ratios is a necessary condition for distinguishing between the models.
We see a rather important difference between the models in the fact that DISKIR, when 
